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1. 

METHOD FOR PROMOTING 
DIFFERENTIATION OF PLURIPOTENT 
STEM CELLS INTO CARDAC MUSCLE 

CELLS 

CROSS-REFERENCE TO A RELATED 
APPLICATION 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 13/777,765 filed on Feb. 26, 2013, 
which is a continuation of International PCT Application 
No. PCT/JP2011/069054 filed on Aug. 24, 2011 that claims 
the benefit under 35 U.S.C. 119(d) of Japanese Patent 
Application No. 2010-189548 filed on Aug. 26, 2010. This 
application also claims the benefit under 35 U.S.C. 119(d) of 
Japanese Patent Application No. 2013-190462 filed on Sep. 
13, 2013. The contents of the foregoing applications are 
hereby incorporated by reference in their entireties. 

FIELD OF THE INVENTION 

This invention relates to the field of regenerative medi 
cine. In particular, the invention relates to a composition for 
promoting differentiation of pluripotent stem cells into car 
diac muscle cells, where the composition contains iodoben 
Zothiazolyl-phenyl-propanamide compounds. This inven 
tion also relates to a method for inducing differentiation of 
pluripotent stem cells into cardiac muscle cells. 

BACKGROUND 

A technology to induce differentiation of pluripotent stem 
cells holds the key for realization of regenerative medicine 
and establishment of in vitro drug screening study or evalu 
ation of drug safety. In particular, it is important for the 
generative medicine and drug evaluation for heart diseases 
because heart diseases are currently the second cause of 
death in Japan. There are various drugs which induce severe 
side effects, including cardiac arrest and arrhythmia, leading 
to increasingly-demand to provide homogenous cardiac 
muscle cells which are useful for cardiotoxicity study. So 
far, it has been reported that cardiac muscle cell differen 
tiation of human embryonic stem (ES) cells is induced by 
co-culturing human ES cells and mouse feeder cells, END2 
cells (Mummery, C., et al., “Differentiation of human 
embryonic stem cells to cardiomyocytes: role of coculture 
with visceral endoderm-like cells.” Circulation. 107(21), 
2733-40 (2003); incorporated herein by reference in its 
entirety). However, differentiation efficiency of this method 
is not satisfactory and it is difficult to obtain pure human 
cardiac muscle cells since the resulting human cardiac 
muscle cells are often contaminated with mouse END2 cells. 
It is also reported that cardiac muscle cell differentiation is 
induced by preparing embryoid from ES cells and adding 
several cytokines (fibroblast growth factor (bFGF), bone 
morphogenetic protein 4 (BMP4), vascular endothelial cell 
growth factor (VEGF), Dickkopf-1 (DKK1), Activin A) to 
the embryoid (Yang, L., et al., “Human cardiovascular 
progenitor cells develop from a KDR-- embryonic-stem 
cell-derived population.” Nature, 453(7194), 524–8 (2008); 
Leschik, J., et al., “Cardiac commitment of primate embry 
onic stem cells.” Nat. Protoc. 3(9), 1381-7 (2008); each 
incorporated herein by reference in its entirety). This 
method, however, requires a large amount of cytokines and 
can be rather expensive, while its differentiation efficiency is 
not enough. 
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2 
There is therefore a continuing need in the fields of 

regenerative medicine and drug discovery to develop meth 
ods that can induce differentiation of pluripotent stem cells 
into cardiac muscle cells with high efficiency, minimal 
contamination and yet be cost-effective and suitable for 
commercial production. 

SUMMARY 

A novel composition is disclosed that can induce differ 
entiation of pluripotent stem cells into cardiac muscle cells 
with high efficiency and low cost, which is demanded in the 
fields of regenerative medicine and drug discovery. The 
present invention provides a composition for promoting 
differentiation of pluripotent stem cells into cardiac muscle 
cells which comprises a compound represented by Formula 
(1) or a salt thereof: 

1. 
R9 

Rs N Rio R. R. 
N H N R2 

pi 

R X 
O 

R6 Rs R3 

R4 

wherein 
R to Rs are each independently a hydrogen atom; a 

halogen atom; a hydroxyl group; a linear or branched alkoxy 
group having 1 to 5 carbon atoms; a linear or branched alkyl 
group having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; or a group —NRR, 
wherein R and Rs are each independently a hydrogen 
atom, an oxygen atom, or a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; wherein two adjacent 
groups among R to Rs may join together to form 
O—CH2—O— or —O-(CH2). O—, 
R to Ro are each independently a hydrogen atom; a 

halogen atom; a hydroxyl group; a linear or branched alkoxy 
group having 1 to 5 carbon atoms; a linear or branched 
alkoxy group having 1 to 5 carbon atoms which is Substi 
tuted with a group —C(O)A, wherein A is a Saturated or 
unsaturated 5- or 6-membered ring which is unsubstituted or 
Substituted with a linear or branched alkyl group having 1 to 
5 carbon atoms and the ring may contain 1 or 2 atoms 
independently selected from a nitrogen atom, an oxygen 
atom and a Sulfur atom; a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; or a group —NRR, 
wherein R and R are each independently a hydrogen 
atom, an oxygen atom, or a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; wherein two adjacent 
groups among R to Ro may join together to form 
O—CH2—O— or —O-(CH2). O—, 
Rio to R are each independently a hydrogen atom; or a 

linear or branched alkyl group having 1 to 5 carbon atoms, 
X is —CR, wherein R is a hydrogen atom, a halogen 

atom, a hydroxyl group, a linear or branched alkoxy group 
having 1 to 5 carbon atoms, or a linear or branched alkyl 
group having 1 to 5 carbon atoms which is unsubstituted or 
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Substituted with a halogen atom; an oxygen atom; a Sulfur 
atom; a selenium atom; or a group —NRs, wherein Rs is 
a hydrogen atom, a linear or branched alkyl group having 1 
to 5 carbon atoms, or a linear or branched acyl group having 
1 to 5 carbon atoms, and 
n is an integer of 0 to 6. 
In another embodiment, the present invention provides a 

method for inducing differentiation of pluripotent stem cells 
into cardiac muscle cells which comprises culturing pluri 
potent stem cells in a medium containing the composition 
for promoting differentiation of pluripotent stem cells into 
cardiac muscle cells as described above. 

In another embodiment, the present invention provides a 
method for preparing cardiac muscle cells from pluripotent 
stem cells which comprises culturing pluripotent stem cells 
in a medium containing the composition for promoting 
differentiation of pluripotent stem cells into cardiac muscle 
cells as described above. 

In yet another embodiment, the present invention pro 
vides a compound represented by Formula (1) or a salt 
thereof, wherein R, R and Rs are each independently a 
hydrogen atom; a halogen atom; a hydroxyl group; a linear 
or branched alkoxy group having 1 to 5 carbon atoms; a 
linear or branched alkyl group having 1 to 5 carbon atoms 
which is unsubstituted or substituted with a halogen atom; or 
a group —NRR, wherein R and R are each indepen 
dently a hydrogen atom, an oxygen atom, or a linear or 
branched alkyl group having 1 to 5 carbon atoms which is 
unsubstituted or Substituted with a halogen atom, R and R 
are a linear or a branched alkoxy group having 1 to 5 carbon 
atoms, or R and Rs join together to form —O—CH2—O— 
or —O—(CH)—O R to R are each independently a 
hydrogen atom; a halogen atom; a hydroxyl group; a linear 
or branched alkoxy group having 1 to 5 carbon atoms; a 
linear or branched alkoxy group having 1 to 5 carbon atoms 
which is substituted with a group —C(O)A, wherein A is a 
saturated or unsaturated 5- or 6-membered ring which is 
unsubstituted or substituted with a linear or branched alkyl 
group having 1 to 5 carbon atoms and the ring may contain 
1 or 2 atoms independently selected from a nitrogen atom, 
an oxygenatom and a Sulfur atom; a linear or branched alkyl 
group having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; or a group —NRR, 
wherein R and Rs are each independently a hydrogen 
atom, an oxygen atom, or a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; wherein two adjacent 
groups among R to Ro may join together to form 
O—CH2—C- or —O—(CH), O—, Rio to R are 

each independently a hydrogen atom; or a linear or branched 
alkyl group having 1 to 5 carbon atoms, X is an oxygen 
atom; a Sulfur atom; or a group —NRs, wherein Rs is a 
hydrogen atom, a linear or branched alkyl group having 1 to 
5 carbon atoms, or a linear or branched acyl group having 1 
to 5 carbon atoms, n is an integer of 0 to 6, with the proviso 
that when n is 1 or 2, R, is not Cl nor a methoxy group. R2 
is not a methoxy group. 

In yet another embodiment, the present invention pro 
vides a compound represented by Formula (1) where R to 
Rs are each independently a hydrogen atom; a halogenatom; 
a hydroxyl group; a linear or branched alkoxy group having 
1 to 5 carbon atoms; a linear or branched alkyl group having 
1 to 5 carbon atoms which is unsubstituted or substituted 
with a halogen atom; or a group —NRR, where two 
adjacent groups among R to Rs may join together to form 
O—CH2—O - or —O-(CH2) -O-, R2 and Rs are 

each independently a hydrogen atom, an oxygen atom, or a 
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4 
linear or branched alkyl group having 1 to 5 carbon atoms 
which is unsubstituted or substituted with a halogen atom; 
R to Ro are each independently a hydrogen atom; a halogen 
atom; a hydroxyl group; a linear or branched alkoxy group 
having 1 to 5 carbon atoms; a linear or branched alkoxy 
group having 1 to 5 carbon atoms which is Substituted with 
a group —C(O)A, wherein A is a Saturated or unsaturated 5 
or 6-membered ring which is unsubstituted or substituted 
with a linear or branched alkyl group having 1 to 5 carbon 
atoms and the ring may contain 1 or 2 atoms independently 
selected from a nitrogen atom, an oxygen atom and a Sulfur 
atom; a linear or branched alkyl group having 1 to 5 carbon 
atoms which is unsubstituted or substituted with a halogen 
atom; or a group —NRR wherein R and R are each 
independently a hydrogen atom, an oxygen atom, or a linear 
or branched alkyl group having 1 to 5 carbon atoms which 
is unsubstituted or substituted with a halogen atom; wherein 
two adjacent groups among R to R may join together to 
form —O—CH2—O— or —O-(CH2) -O-, Rio to R. 
are each independently a hydrogen atom; or a linear or 
branched alkyl group having 1 to 5 carbon atoms, X is 
—CR, wherein R is a hydrogen atom, a halogen atom, a 
hydroxyl group, a linear or branched alkoxy group having 1 
to 5 carbon atoms, or a linear or branched alkyl group having 
1 to 5 carbon atoms which is unsubstituted or substituted 
with a halogen atom; an oxygen atom; a Sulfur atom; a 
Selenium atom; or a group —NRs, wherein Rs is a hydro 
gen atom, a linear or branched alkyl group having 1 to 5 
carbon atoms, or a linear or branched acyl group having 1 to 
5 carbonatoms, and n is an integer of 0 to 6, with the proviso 
that (i) when R. R. R. R. Rs. Ro, Ro and R are 
hydrogen atoms, R. and R are methoxy groups, X is a sulfur 
atom and n is 1, then R, is not —OCH - Clor—NO, and 
(ii) when R. R. Rs. R. Rs. Ro, Rio and R are hydrogen 
atoms, R. and R are methoxy groups, X is a Sulfur atom and 
n is 2, then R, is not —Cl. 

According to the present invention, it has become pos 
sible to induce differentiation of pluripotent stem cells into 
cardiac muscle cells without using feeder cells and obtain 
pure cardiac muscle cells. In addition, according to the 
present invention, it has become possible to induce cardiac 
muscle cell differentiation with higher efficiency at lower 
cost to prepare cardiac muscle cells than the known meth 
ods. The present invention is particularly useful for evalu 
ation of QT prolongation which is critical for evaluation of 
drug safety in a high-throughput format, large-scale produc 
tion of homogenous and mature human cardiac muscle cells 
for use in drug evaluation for heart diseases, and production 
of cardiac muscle cells for transplant to treat heart diseases, 
etc. Further, the composition of the present invention is not 
homologous in the molecular structure to the cardiac muscle 
cell differentiation promoters which have been reported so 
far, and the composition of the present invention is thus 
considered to be a totally new type of cardiac muscle cell 
differentiation promoter and expected to enhance the differ 
entiation efficiency even more when used in combination 
with different cardiac muscle cell differentiation promoters. 

These and other characteristics of the composition and a 
method of inducing differentiation of pluripotent stem cells 
into cardiac cells will become more apparent from the 
following description and illustrative embodiments which 
are described in detail with reference to the accompanying 
drawings. Similar elements in each figure are designated by 
like reference numbers and, hence, Subsequent detailed 
descriptions thereof may be omitted for brevity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a screening strategy of agents which 
promote cardiac muscle cell differentiation. 
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FIG. 2 illustrates a screening system and detection of 
N11474. 

FIG. 3 illustrates the structure-activity relationship of 
KYO2 111 and analogous compounds thereof. 

FIG. 4 illustrates the comparison in the effects of pro 
moting cardiac muscle cell differentiation among cytokines, 
G-CSF, nitrovin, N11474, KYO2111 and KYO1042. 

FIG. 5-1 illustrates the synergistic effect of promoting 
cardiac muscle cell differentiation between nitrovin and 
N11474. 

FIG. 5-2 illustrates the synergistic effect of promoting 
cardiac muscle cell differentiation between nitrovin and 
KYO2111. 

FIG. 6 illustrates the effect of N11474 on human ES cells 
in promoting cardiac muscle cell differentiation (increase of 
GFP expression level). 

FIG. 7-1 illustrates compounds which are effective in 
promoting cardiac muscle cell differentiation (1). 

FIG. 7-2 illustrates the effect of promoting cardiac muscle 
cell differentiation of the respective compounds. 

FIG. 8 illustrates the effect of KYO2 111 on gene expres 
S1O. 

FIG. 9-1 illustrates the effects of Wnt signaling inhibitors 
and a Wnt signaling activator on gene expression (1). 

FIG. 9-2 illustrates the effects of Wnt signaling inhibitors 
and a Wnt signaling activator on gene expression (2). 

FIG. 10 illustrates the comparison in the effect of pro 
moting cardiac muscle cell differentiation among KYO2111, 
N11474, known Wnt signaling inhibitors (IWP2, XAV939, 
IWR1) and proteins (G-CSF, IGFBP4, Dkk1 and cytokines) 
known to have the effect of promoting cardiac muscle cell 
differentiation. 

FIG. 11-1 illustrates the effects of a Wnt signaling acti 
vator on the effects of promoting cardiac muscle cell dif 
ferentiation by KYO2111, XAV939 and IWP2 (cardiac 
muscle cells derived from monkey ES cell). 

FIG.11-2 illustrates the effect of a Wnt signaling activator 
on the effect of promoting cardiac muscle cell differentiation 
by KY02111, XAV939, and IWP2 (human iPS cells). 

FIG. 12 illustrates the synergistic effect between 
KY02111 and XAV939 or IWP2 in promoting cardiac 
muscle cell differentiation. 

FIG. 13 illustrates compounds which are effective in 
promoting cardiac muscle cell differentiation (2) and the 
effect of promoting cardiac muscle cell differentiation of 
each of the compounds. 

FIG. 14 illustrates a screening strategy of agents which 
promote cardiac muscle cell differentiation by observing the 
expression of green fluorescent protein (GFP) under control 
of promoter of C-MHC gene. 

FIG. 15 is a plot of green fluorescent protein (GFP) 
expression increase (%) as a function of R-7 Substitutions of 
KYO2 111 compound. The effect of promoting cardiac 
muscle cell differentiation increased in the order of 
H<F<CH3<ClkBrCI at R, position. 

FIG. 16 is a plot of green fluorescent protein (GFP) 
expression increase (%) as a function of varying carbon 
chain length (n) in SO2013 (KY02-I). 

FIG. 17 is a plot of green fluorescent protein (GFP) 
expression increase (%) for SO2031 (KY02-I) and SO3042 
(KYO3-I) in a dose-dependent manner. 

FIG. 18 is a plot of green fluorescent protein (GFP) 
expression increase (%) for iodine analogues of SO2031 
(KYO2-I) substituted at R and R groups. The cardiac 
muscle cell differentiation was decreased when the com 
pounds had no dimethoxy groups except for SO2077, which 
showed comparable effect. 
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6 
FIG. 19 illustrates the effect of promoting cardiac muscle 

cell differentiation of the iodine substitution analogue 
SO2031 (KYO2-I) in human ES/iPS cells. 

FIGS. 20A-20C are images taken of SO2031 (KYO2-I) 
dissolved in 20% serum-containing medium at 20 uM (A), 
and in serum-free medium at 3 (B) or 20 uM (C) and 
observed after 24 hours. Large crystals were not observed in 
any of the media. 

DETAILED DESCRIPTION 

The present invention provides a composition for promot 
ing differentiation of pluripotent stem cells into cardiac 
muscle cells containing a compound represented by Formula 
(1): 

R9 

Rs N Rio R. R. 
N H N R2 

pi 

R X 
O 

R6 Rs R3 

R4 

wherein 
R to Rs are each independently a hydrogen atom; a 

halogen atom; a hydroxyl group; a linear or branched alkoxy 
group having 1 to 5 carbon atoms; a linear or branched alkyl 
group having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; or a group —NRR, 
wherein R and Rs are each independently a hydrogen 
atom, an oxygen atom, or a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; wherein two adjacent 
groups among R1 to R5 may join together to form 
O—CH2—O— or —O-(CH2). O—, 
R to R are each independently a hydrogen atom; a 

halogen atom; a hydroxyl group; a linear or branched alkoxy 
group having 1 to 5 carbon atoms; a linear or branched 
alkoxy group having 1 to 5 carbon atoms which is Substi 
tuted with a group —C(O)A, wherein A is a Saturated or 
unsaturated 5- or 6-membered ring which is unsubstituted or 
Substituted with a linear or branched alkyl group having 1 to 
5 carbon atoms and the ring may contain 1 or 2 atoms 
independently selected from a nitrogen atom, an oxygen 
atom and a Sulfur atom; a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; or a group —NRR, 
wherein R and R are each independently a hydrogen 
atom, an oxygen atom, or a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; wherein two adjacent 
groups among R to Ro may join together to form 
O—CH2—O— or —O-(CH2). O—, 
Rio to R are each independently a hydrogen atom; or a 

linear or branched alkyl group having 1 to 5 carbon atoms, 
X is —CR, wherein R is a hydrogen atom, a halogen 

atom, a hydroxyl group, a linear or branched alkoxy group 
having 1 to 5 carbon atoms, or a linear or branched alkyl 
group having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; an oxygen atom; a Sulfur 
atom; a selenium atom; or a group —NRs, wherein Rs is 
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a hydrogen atom, a linear or branched alkyl group having 1 
to 5 carbon atoms, or a linear or branched acyl group having 
1 to 5 carbon atoms, and 
n is an integer of 0 to 6, 
or a salt thereof. 
Examples of the linear or branched alkoxy group having 

1 to 5 carbon atoms include a methoxy group, an ethoxy 
group, a propoxy group, an isopropoxy group, a butoxy 
group, an isobutoxy group, a sec-butoxy group, a tert-butoxy 
group and a pentyloxy group. 

Examples of the linear or branched alkyl group having 1 
to 5 carbon atoms include a methyl group, an ethyl group, a 
propyl group, an isopropyl group, a butyl group, an isobutyl 
group, a sec-butyl group, a tert-butyl group and a pentyl 
group. 

Examples of the linear or branched acyl group having 1 to 
5 carbon atoms include a formyl group, an acetyl group, a 
propionyl group, a butyryl group, an isobutyryl group, a 
Valeryl group and an isovaleryl group. 

Examples of the halogen atom include Cl, Br, I or F. 
In a preferred embodiment, R to Rs are each indepen 

dently a hydrogen atom; a halogen atom; a hydroxyl group; 
a linear or branched alkoxy group having 1 to 5 carbon 
atoms; or a linear or branched alkyl group having 1 to 5 
carbon atoms which is unsubstituted or substituted with a 
halogen atom; wherein two adjacent groups among R1 to R5 
may join together to form —O—CH2—O— or —O 
—(CH2). O—. 
R and Rs are preferably a linear or a branched alkoxy 

group having 1 to 5 carbon atoms or join together to form 
O—CH2—O— or —O—(CH), O—. Further prefer 

ably, R and R are a methoxy group, an ethoxy group or a 
propoxy group, and most preferably a methoxy group or an 
ethoxy group. 
R. R. and Rs are preferably a hydrogen atom. 
In an embodiment, R to R are each independently a 

hydrogen atom; a halogen atom; a hydroxyl group; a linear 
or branched alkoxy group having 1 to 5 carbon atoms; a 
linear or branched alkyl group having 1 to 5 carbon atoms 
which is unsubstituted or substituted with a halogen atom; or 
a group —NRR, wherein R and R are each indepen 
dently a hydrogen atom, an oxygen atom, or a linear or 
branched alkyl group having 1 to 5 carbon atoms which is 
unsubstituted or substituted with a halogen atom; wherein 
two adjacent groups among R to Ro may join together to 
form —O—CH2—O— or —O-(CH2). O—, 
R and R are preferably each independently a hydrogen 

atom; a halogen atom; a hydroxyl group; a linear or 
branched alkoxy group having 1 to 5 carbon atoms; a linear 
or branched alkyl group having 1 to 5 carbon atoms which 
is unsubstituted or Substituted with a halogen atom, more 
preferably a hydrogen atom. 

In a preferred embodiment, R, is a hydrogen atom; a 
halogen atom; a hydroxyl group; a linear or branched alkoxy 
group having 1 to 5 carbon atoms; a linear or branched 
alkoxy group having 1 to 5 carbon atoms which is Substi 
tuted with a group —C(O)A, wherein A is a Saturated or 
unsaturated 5- or 6-membered ring which is unsubstituted or 
Substituted with a linear or branched alkyl group having 1 to 
5 carbon atoms and the ring may contain 1 or 2 atoms 
independently selected from a nitrogen atom, an oxygen 
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8 
atom and a Sulfur atom; a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; or a group —NRR, 
wherein R and R are each independently a hydrogen 
atom, an oxygen atom, or a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; Rs is a hydrogen atom; a 
halogen atom; a hydroxyl group; a linear or branched alkoxy 
group having 1 to 5 carbon atoms; or a linear or branched 
alkyl group having 1 to 5 carbon atoms which is unsubsti 
tuted or Substituted with a halogen atom; or R, and Rs join 
together to form —O—CH2—O O—(CH2). C 

In an embodiment, R, is a linear alkoxy group having 1 to 
5 carbon atoms which is substituted with a group —C(O)A, 
and the group —C(O)A binds to the terminal carbon atom of 
the alkoxy group. 

In a preferred embodiment, A contains at least one nitro 
gen atom, and examples of Such A include a pyrrolidinyl, 
imidazolidinyl, pyrazolidinyl, pyrrolyl, imidazolyl pyra 
Zolyl, thiazolyl, isothiazolyl, oxazolyl, isooxazolyl, piper 
idinyl, piperazinyl, morpholinyl, pyridyl, pyrimidinyl, 
pyrazinyl and pyridazinyl groups which are unsubstituted or 
Substituted with a linear or branched alkyl group having 1 to 
5 carbon atoms. In a more preferred embodiment, A is a 
piperidinyl group, a piperazinyl group or a morpholinyl 
group which is unsubstituted or substituted with a linear or 
branched alkyl group having 1 to 5 carbon atoms. In a 
further preferred embodiment, A is a piperidin-1-yl group, a 
piperazin-1-yl group or a morpholin-4-yl group which is 
unsubstituted or substituted with a linear or branched alkyl 
group having 1 to 5 carbon atoms. 
Ro and R are preferably a hydrogen atom. 
In a preferred embodiment, X is an oxygen atom; a Sulfur 

atom; or a group —NRs, wherein Rs is a hydrogen atom, 
a linear or branched alkyl group having 1 to 5 carbon atoms, 
a linear or branched acyl group having 1 to 5 carbon atoms. 
X is preferably a sulfur atom. 

In a preferred embodiment, n is an integer of 0 to 4. In 
another preferred embodiment, n is an integer of 1 to 6, an 
integer of 1 to 4, or 2 or 3. 

In a preferred embodiment, the composition of the present 
invention contains the compound or a salt thereof repre 
sented by Formula (32) 

N 

y- R2 
R S 

O 
R3 

wherein R is a halogen atom, preferably selected from I. 
Cl, or Br, and most preferably R is I; R and R are each 
independently selected from a methoxy, an ethoxy, or a 
propoxy, with R as a methoxy being preferred; and n is an 
integer of 1 to 4. 

In a preferred embodiment, the composition of the present 
invention contains the compound selected from the follow 
ing group or a salt thereof: 

O 

32) 
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N OS 

OC)------ C S 
O 

KYO1041 

N OS 

O)- o1 C S 
O 

KYO 2111 

KYO1045 

N 

ICCX----> ON S 
O o1 

KYO2109 

N H O)- On ON S 
O o1 

KYO1043 

N 

u0 2 tric S 

PB2852 

O 
1. N CI)-----> 

O o1 
PB2572 

N 

O *rc F S 

KYO2104 

10 

12 

14 

16 

10 

N 

O)- On 
T61164 

N 

O)- On 
KYO2114 

O 

R H n Oy------ 
ON S 

O 

KYO1040 

O 9 
N 

N 
H IC )- o1 

ON S 
O 

KYO1042 

11 

KYO1046 

N 

Y O OC)- roc 
N11474 

13 

15) 
O N 

C DO *rc O S 

O o1 
PB2570 



US 9,499,790 B2 
11 12 

-continued 

N N-1 
H 

O)- o1 C S 
O 

SO1 O2 

O 
N N N 

n )- N- o1 O S 

~~ O 
O 

SO096 

ON 
r N H X-N Nu o1 O S 

~~ O 
O 

SOO94 

21 

N O N 
N H 1 Croc C O S 
o1 I O 

SO3031 (KYO1-1) SO2031(KYO2-1) 
23 

O 

SO3O42 (KYO3-1) SO3030 (KYOO-1) 
25) 

SO2O77 

29 

N On N 

O)- o1 C--O 
O 

SO2123 

18 

19 

20 

22 

24 

26 

28 

30 
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-continued 

13 

On 
N H N )- o1 

F S 
O 

SO2O65 

Of the compounds listed above, the compounds with 
Formulae 5, 17, 18, 21, 22, 23, and 27 are being preferred. 
The compounds of the present invention are described in, 

for example, J. Med. Chem., 1965, 8 (5), pp 734-735 
(incorporated herein by references in its entirety) (N11474, 
T61164). Also, they are available from UkrOrgSynthesis 
Ltd. (Kiev, Ukraine) (PB2852, PB2572, and PB2570) and 
Enamine LLC. (Monmouth, N.J.) (T61164), etc. 
The compounds of the present invention can be synthe 

sized by the known method (J. Med. Chem., 1965, 8 (5), pp 
734-735) or in accordance with the method described in 
Examples. 
The term “pluripotent stem cells' herein used refers to 

cells having an ability to differentiate any type of cells 
constituting an adult body (pluripotency) and self-renewal 
capacity which is an ability to maintain the pluripotency 
during cell division. The “pluripotent stem cells' includes 
embryonic stem cells (ES cells), embryonic germ cells (EG 
cells), and induced pluripotent stem cell (iPS cells). The 
“pluripotent stem cells' may be cells of any species with no 
limitation, preferably mammalian cells, and more preferably 
rodent or primate cells. The present invention is particularly 
Suitable for monkey or human pluripotent stem cells. 
ES cells are pluripotent stem cells derived from early 

embryo and may be established from inner cell mass of a 
blastocyst or post-implantation epiblast in early embryo. 
Examples of ES cells include those described in the follow 
ing references: human (Thomson J. A. et al., Science 282: 
1145-1147 (1998), Biochem Biophy's Res Commun. 345(3), 
926-32 (2006); primates such as rhesus macaque and mar 
moset (Thomson J. A. et al., Proc. Natl. Acad. Sci. USA 92: 
7844-7848 (1995); Thomson J. A. et al., Biol. Reprod. 55: 
254-259 (1996)); rabbit (National Publication of Interna 
tional Patent Application No. 2000-508919); hamster (Doet 
shman T. et al., Dev. Biol. 127: 224-227 (1988)), hog (Evans 
M.J. et al., Theriogenology 33: 125128 (1990); Piedrahita J. 
A. et al., Theriogenology 34: 879-891 (1990); Notarianni E. 
et al., J. Reprod. Pert. 40: 51-56 (1990); Talbot N. C. et al., 
Cell. Dev. Biol. 29A. 546-554 (1993)), sheep (Notarianni E. 
et al., J. Reprod. Fert. Suppl. 43: 255-260 (1991)), cow 
(Evans M. J. et al., Theriogenology 33: 125-128 (1990); 
Saito S. et al., Roux. Arch. Dev. Biol. 201: 134-141 (1992)), 
and mink (Sukoyan M. A. et al., Mol. Reorod. Dev. 33: 
418-431 (1993)) (these references are herein incorporated by 
reference). 
EG cells are pluripotent stem cells derived from primor 

dial germ cells, and examples include human EG cells 
(Shamblott, et al., Proc. Natl. Acad. Sci. USA 95: 13726 
13731 (1998)) (the reference is herein incorporated by 
reference.) 
The term “iPS cells' herein used refers to pluripotent stem 

cells induced from cells other than pluripotent stem cells 
Such as somatic cells and tissue stem cells. Methods for 
preparing iPS cells are described in the following references, 
for example: WO2007/069666, WO2009/006930, WO2009/ 
006997, WO2009/007852, WO2008/11.8820, Cell Stem 
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Cell 3(5): 568-574 (2008), Cell Stem Cell 4(5): 381-384 
(2009), Nature 454: 646-650 (2008), Cell 136(3): 411-419 
(2009), Nature Biotechnology 26: 1269-1275 (2008), Cell 
Stem Cell 3: 475-479 (2008), Nature Cell Biology 11: 
197-203 (2009), Cell 133(2): 250-264 (2008), Cell 131(5): 
861-72 (2007), Science 318 (5858): 1917-20 (2007) (those 
references are herein incorporated by reference.) However, 
cells prepared by any method as long as they are pluripotent 
stem cells induced artificially are included in the “iPS cells' 
of the present invention. 
The composition of the present invention may be added to 

a differentiation medium for cardiac muscle cells of pluri 
potent stem cells at a final concentration of the active 
ingredient of for example, 0.5 to 20 uM. The differentiation 
medium for cardiac muscle cell may be any conventional 
medium used for cardiac muscle cell differentiation of 
pluripotent stem cells and the composition of the differen 
tiation medium is not specifically limited. Examples of the 
differentiation medium include the IMDM-based differen 
tiation medium for cardiac muscle cells (having the com 
position described below and used in the examples), 
DMEM-based differentiation medium for cardiac muscle 
cells (200 ml DMEM/F 12 medium (Sigma) containing 50 
ml bovine fetal serum (GIBCO), 2.5 ml MEM non-essential 
amino acid solution (Sigma), 2.5 ml penicillin-streptomycin 
(GIBCO), 200 mM L-glutamine, and 2.5 ml 2-mercap 
toethanol), and StemPro-34SFM (GIBCO)+BMP4 (10 
ng/ml). It is not necessary to use feeder cells such as END2 
cells when the composition of the present invention is used. 
The composition of the present invention may be added at an 
appropriate time depending on the type of pluripotent stem 
cells and composition of the differentiation medium for 
cardiac muscle cell to be used. When monkey or human ES 
cells are cultured in the IMDM-based differentiation 
medium for cardiac muscle cells used in the examples, the 
composition of the present invention may be added to the 
differentiation medium for cardiac muscle cells during day 
6 to 14 of culture. 
The composition of the present invention may be used in 

combination with a different cardiac muscle cell differen 
tiation promoter(s) such as nitrovin, cytokines (combination 
of bFGF, BMP4, VEGF, DKK1 and Activin A), or Wnt 
signaling inhibitors. The “cardiac muscle cell differentiation 
promoter in the present invention include various sub 
stances effective in promoting cardiac muscle cell differen 
tiation and thus, in this sense, the composition of the present 
invention is also one of the "cardiac muscle cell differen 
tiation promoter'. The “Wnt signaling inhibitor” in the 
present invention refers to a substance which inhibits the 
Writ signaling pathway and examples include known com 
pounds such as TWP2, XAV939, and IWR1, and proteins 
such as G-CSF, IGFBP4, and Dkk1. The composition of the 
present invention is also a useful “Wnt signaling inhibitor 
in the present invention. More specifically, the embodiment, 
in which the composition of the present invention and a Wnt 
signaling inhibitor are used in combination, includes 
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embodiments in which different types of the composition of 
the present invention are used. Preferably, the different 
cardiac muscle cell differentiation promoters used in com 
bination are those having different action mechanism from 

16 
R and R are a linear or a branched alkoxy group having 

1 to 5 carbon atoms, or R and Rs join together to form 
O—CH2—O— or —O-(CH2). O—, 
R to Ro are each independently a hydrogen atom; a 

the composition of the present invention, and examples of 5 halogenatom; a hydroxyl group; a linear or branched alkoxy 
such promoters include IWP2 and XAV939. The adminis 
tration schedule of the different cardiac muscle cell differ 
entiation promoter may be determined as appropriate by 
those skilled in the art, depending on the agent to be used. 

The present invention also provides a kit for promoting 
cardiac muscle cell differentiation containing the composi 
tion of the present invention. The kit of the present invention 
may contain a different cardiac muscle cell differentiation 
promoter(s) in addition to the composition of the present 
invention. The composition of the present invention and the 
different cardiac muscle cell differentiation promoter may be 
kept in separate containers or in a same container. 
The present invention also provides a method for inducing 

cardiac muscle cell differentiation and a method for prepar 
ing cardiac muscle cells. The methods of the present inven 
tion are characterized in that pluripotent stem cells are 
cultured in a medium containing the composition of the 
present invention. In an embodiment, the method of the 
present invention comprises culturing pluripotent stem cells 
in a differentiation medium for cardiac muscle cells, adding 
the composition of the present invention to the differentia 
tion medium such that the final concentration of the active 
ingredient is 0.5 to 20 uM during day 6 to 14 of culture and 
confirming differentiation of the pluripotent stem cells into 
cardiac muscle cells at day 18 of culture. In an another 
embodiment, the method of the present invention comprises 
culturing pluripotent stem cells in a differentiation medium 
for cardiac muscle cells, adding the composition of the 
present invention to the differentiation medium such that the 
final concentration of the active ingredient is 0.1 to 20 uM, 
preferably 0.1 to 10 uM, more preferably 0.4 to 10 uM, still 
more preferably 0.4 to 2 uM, most preferably 0.4 to 1 uM for 
4-7 days during day 3 to 10 of culture (for example, day 4 
to 8, day 4 to 9, day 4 to 10, day 3 to 8, day 3 to 9, or day 
3 to 10 of culture), and after the culture with the composition 
of the invention, confirming differentiation of the pluripotent 
stem cells into cardiac muscle cells at day 8 or later, 
preferably at any day of day 8 to 14, more preferably at day 
8, day 9, or day 10 of culture. Differentiation into cardiac 
muscle cells may be detected from the number of beating 
colonies of cardiac muscle cells or expression level of a 
marker of cardiac muscle cell differentiation such as C-MHC 
gene. 

In the methods of the present invention, a different cardiac 
muscle cell differentiation promoter(s), in addition to the 
composition of the present invention, may further be added 
to a medium. 

The cardiac muscle cells prepared by the method of the 
present invention may be used for evaluation of drug safety 
in vitro or as cardiac muscle cells as transplant to treat heart 
diseases. 
The present invention also provides a compound having 

Formula (1) wherein 
R. R. and Rs are each independently a hydrogen atom; a 

halogen atom; a hydroxyl group; a linear or branched alkoxy 
group having 1 to 5 carbon atoms; a linear or branched alkyl 
group having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; or a group —NRR, 
wherein R and Rs are each independently a hydrogen 
atom, an oxygen atom, or a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom, 
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group having 1 to 5 carbon atoms; a linear or branched 
alkoxy group having 1 to 5 carbon atoms which is Substi 
tuted with a group —C(O)A, wherein A is a Saturated or 
unsaturated 5- or 6-membered ring which is unsubstituted or 
Substituted with a linear or branched alkyl group having 1 to 
5 carbon atoms and the ring may contain 1 or 2 atoms 
independently selected from a nitrogen atom, an oxygen 
atom and a Sulfur atom; a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; or a group —NRR, 
wherein R and Rs are each independently a hydrogen 
atom, an oxygen atom, or a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; wherein two adjacent 
groups among R to R may join together to form 
O—CH2—O— or —O-(CH2). O—, 
Rio to R are each independently a hydrogen atom; or a 

linear or branched alkyl group having 1 to 5 carbon atoms, 
X is an oxygen atom; a Sulfur atom; or a group —NRs. 

wherein Rs is a hydrogen atom, a linear or branched alkyl 
group having 1 to 5 carbon atoms, or a linear or branched 
acyl group having 1 to 5 carbon atoms, and 

n is an integer of 0 to 6, with the proviso that when n is 
1 or 2, R is not Cl nor a methoxy group, R is not a methoxy 
grOup, 

or a salt thereof. 
In a preferred embodiment, R. R. and Rs are each 

independently a hydrogen atom; a halogen atom; a hydroxyl 
group; a linear or branched alkoxy group having 1 to 5 
carbon atoms; or a linear or branched alkyl group having 1 
to 5 carbon atoms which is unsubstituted or substituted with 
a halogen atom, preferably a hydrogen atom. 

In a preferred embodiment, R and R are a methoxy 
group, an ethoxy group or a propoxy group. 

In a preferred embodiment, Re and Ro are each indepen 
dently a hydrogen atom; a halogen atom; a hydroxyl group; 
a linear or branched alkoxy group having 1 to 5 carbon 
atoms; or a linear or branched alkyl group having 1 to 5 
carbon atoms which is unsubstituted or substituted with a 
halogen atom, preferably a hydrogen atom. 

In a preferred embodiment, R, is a hydrogen atom; a 
halogen atom; a hydroxyl group; a linear or branched alkoxy 
group having 1 to 5 carbon atoms; a linear or branched 
alkoxy group having 1 to 5 carbon atoms which is Substi 
tuted with a group —C(O)A, wherein A is a Saturated or 
unsaturated 5- or 6-membered ring which is unsubstituted or 
Substituted with a linear or branched alkyl group having 1 to 
5 carbon atoms and the ring may contain 1 or 2 atoms 
independently selected from a nitrogen atom, an oxygen 
atom and a Sulfur atom; a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; or a group —NRR, 
wherein R and Rs are each independently a hydrogen 
atom, an oxygen atom, or a linear or branched alkyl group 
having 1 to 5 carbon atoms which is unsubstituted or 
Substituted with a halogen atom; Rs is a hydrogen atom; a 
halogen atom; a hydroxyl group; a linear or branched alkoxy 
group having 1 to 5 carbon atoms; or a linear or branched 
alkyl group having 1 to 5 carbon atoms which is unsubsti 
tuted or Substituted with a halogen atom; or R, and Rs join 
together to form —O—CH2—O— or —O-(CH2)—O 



US 9,499,790 B2 
17 

In an embodiment, R, is a linear alkoxy group having 1 to 
5 carbon atoms which is substituted with a group —C(O)A, 
and the group —C(O)A binds to the terminal carbon atom of 
the alkoxy group. 

In a preferred embodiment. A contains at least one nitro 
gen atom and examples of Such an A include a pyrrolidinyl, 
imidazolidinyl, pyrazolidinyl, pyrrolyl, imidazolyl pyra 
Zolyl, thiazolyl, isothiazolyl, oxazolyl, isooxazolyl, piper 
idinyl, piperazinyl, morpholinyl, pyridyl, pyrimidinyl, 
pyrazinyl and pyridaZinyl group which are unsubstituted or 
Substituted with a linear or branched alkyl group having 1 to 
5 carbon atoms. In a more preferred embodiment, A is a 
piperidinyl group, a piperazinyl group or a morpholinyl 
group which is unsubstituted or substituted with a linear or 
branched alkyl group having 1 to 5 carbon atoms. In a 
further preferred embodiment, A is a piperidin-1-yl group, a 
piperazin-1-yl group or a morpholin-4-yl group which is 
unsubstituted or substituted with a linear or branched alkyl 
group having 1 to 5 carbon atoms. 

In a preferred embodiment, Ro and R are a hydrogen 
atOm. 

In a preferred embodiment, X is a sulfur atom. 
In a preferred embodiment, n is an integer of 0 to 4. In 

another preferred embodiment, n is an integer of 1 to 6, an 
integer of 1 to 4, or 2 or 3. 

In a preferred embodiment, the compounds of the present 
invention have formulae 5 and 17-20. 

In another preferred embodiment, the compounds of the 
present invention have formulae 21-28. 

While the compositions that can induce differentiation of 
pluripotent stem cells into cardiac muscle cells have been 
described in connection with what is presently considered to 
be the most practical and preferred embodiment, it is to be 
understood that the invention is not to be limited to the 
disclosed embodiments, but on the contrary, is intended to 
cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. 

EXAMPLES 

The examples set forth below also serve to provide further 
appreciation of the invention but are not meant in any way 
to restrict the scope of the invention. 

Example 1 

Screening of Library Compounds 

Screening of agents which promote cardiac muscle cell 
differentiation of monkey ES cells was performed as shown 
in FIG. 1. A vector expressing green fluorescent protein 
(GFP) under control of promoter of C.-MHC gene, a marker 
of cardiac muscle cell differentiation, was introduced into 
monkey ES cell line (CMK 6.4 cynomolgus monkey ES 
cells) and the cells were seeded on 96-well culture plates 
(Greiner/655090: 96 well FIA black plate) in 5.0x103 cells/ 
well, and cultured for 14 days in an IMDM-based differen 
tiation medium for cardiac muscle cells (200 ml. IMDM 
(Sigma 13390) containing 50 ml bovine fetal serum (GIBCO 
10099-141), 2.5 ml MEM non-essential amino acid solution 
(Sigma M7145), 2.5 ml penicillin-streptomycin (GIBCO 
15140), 2.5 ml 200 mM L-glutamine, 2 Jul 2-mercaptoetha 
nol (Sigma M7522), 255 ul 5N NaOH). During day 6 to 14 
of culture, 9,600 library compounds were added into sepa 
rate wells (about 1 to 5 uM compound?well). Then, at day 
1.4 of culture, GFP expression level was determined by 
using HCS (high contents screening) system (Molecular 
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18 
device/MetaMorph imaging system). As a result, the wells to 
which the low-molecular compound N11474 was added 
indicated high GFP expression levels, and N11474 was 
revealed to be effective in promoting cardiac muscle cell 
differentiation (FIG. 2). 

Example 2 

Structure-Activity Relationship of KYO2 111 and 
Other Analogues 

KYO2111, an analog of N11474 which was revealed to be 
effective in promoting cardiac muscle cell differentiation 
and analogous compounds thereof were synthesized and 
examined for the effect of promoting cardiac muscle cell 
differentiation. Monkey ES cells were seeded on a 6-well 
culture plate (Asahi Glass/5816-006: EZView culture plate) 
in 4.0x105 cells/well, each compound was added thereto 
such that the final concentration thereof was 10 uM during 
day 4 to 10 of culture, and the GFP expression was observed 
at day 14 of culture. As a result, significant increases in the 
GFP expression level were found in accordance with the 
molecular structure of the compounds (FIG. 3). Also, the 
effect of promoting cardiac muscle cell differentiation was 
Suggested to correlate with the length of a carbon chain 
binding to the dimethoxyphenyl group (FIG. 3). 
As shown in FIGS. 7 and 13, other analogous compounds 

were also tested and found to be effective in promoting 
cardiac muscle cell differentiation. 

Example 3 

Structure-Activity Relationship of KY02111 
Analogues at Position R, 

Compounds substituted at the position R, of Formula 1, 
which corresponds to C1 of KYO2111, were synthesized and 
examined for the effect of promoting cardiac muscle cell 
differentiation in a dose-dependent manner in monkey ES 
cells as described in Example 2. Specifically, a vector 
expressing green fluorescent protein (GFP) under control of 
promoter of C.-MHC gene, a marker of cardiac muscle cell 
differentiation, was introduced into monkey ES cells (CMK 
6.4 cynomolgus monkey ES cell line) and the cells were 
seeded on 6-well culture plates (Asahi Glass/5816-006: 
EZview culture plate) in 4.0x10 cells/well, and cultured in 
an IMDM-based differentiation medium for cardiac muscle 
cells (200 ml IMDM (Sigma) containing 50 ml bovine fetal 
serum (GIBCO), 2.5 ml MEM non-essential amino acid 
solution (Sigma), 2.5 ml penicillin-streptomycin (GIBCO), 
2.5 ml 200 mM L-glutamine, 2 Jul 2-mercaptoethanol). Each 
compound was added to the cells during day 4 to day 8 of 
the cardiac muscle cell differentiation culture, and the GFP 
fluorescence was analyzed at day 10 by using MetaMorph 
imaging system. 

Example 4 

The Effect of Promoting Cardiac Muscle Cell 
Differentiation by Compounds of Example 3 

As shown in FIG. 15, the effect of promoting cardiac 
muscle cell differentiation increased in the order of the 
compounds having H. F. CH, Cl, Br, and I 
(H<F<CH-ClkBrCI) at R, position. In particular, SO2031 
(referred to as KYO2-I hereinafter), which was an iodine 
substitution analogue, showed the effect about 16, 6.3, 2.1, 
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and 1.5 times higher than that of KYO2111 having C1 at R, 
position in 0.1 uM, 1 uM, 10 uM, and 30 uM, respectively. 
Further, SO2031 (KYO2-I) showed the effect about 5.2, 2, 
1.6, and 1.1 times higher than that of SO087 having Brat R, 
position in 0.1 uM, 1 uM, 10 uM, and 30 uM, respectively. 
Those results demonstrate that the iodine substitution ana 
logue is the most effective especially in a lower dose. 

Example 5 

Structure-Activity Relationship about the Carbon 
Chain Length of Iodine Substitution Analogues 

Compounds each having a carbon chain length (n) dif 
ferent from that of KY-02I were synthesized and examined 
for the effect of promoting cardiac muscle cell differentia 
tion (FIG. 16). As a result, SO3031 (KYO1-D) having a 
carbon chain length of 1, SO2031 (KYO2-I) having a carbon 
chain length of 2, and SO3042 (KYO3-I) having a carbon 
chain length of 3 showed the higher effect compared to 
KY02111, while SO3030 (KYO0-I) having a carbon chain 
length of 0 showed almost no effect. In addition, at a low 
dose (0.1 uM), SO2031 (KYO2-I) having a carbon chain 
length of 2 and SO3042 (KYO3-I) having a carbon chain 
length of 3 showed the higher effect compared to SO3031 
(KYO1-I) having a carbon chain length of 1 (2.7 and 2.8 
times, respectively). Further, at a high dose (10 uM or 30 
uM), SO3042 (KYO3-I) showed the effect slightly higher 
than that of SO2031 (KYO2-I) (1.3 times). 

Example 6 

Comparison of Iodine Substitution Analogues 
Having the Carbon Chain Lengths of 2 and 3 

The effect of promoting cardiac muscle cell differentiation 
of SO2031 (KYO2-I) having a carbon chain length of 2 and 
SO3042 (KYO3-I) having a carbon chain length of 3 was 
confirmed in a separate experiment from FIG. 16 in a 
dose-dependent manner (FIG. 17). As a result, at 0.1 uM, 0.4 
uM and 2 LM, those compounds showed a comparable 
effect, and at a higher dose (10 uM), SO3042 (KY03-I) 
showed the effect slightly higher than that of SO2031 
(KY02-I). Together with the result of FIG. 16, SO3042 
(KYO3-I) having a carbon chain length n=3 has the effect of 
promoting cardiac muscle cell differentiation slightly higher 
than that of SO2031 (KYO2-I) at a higher dose. 

Example 7 

Structure-Activity Relationship about R, and R. 
Groups of Iodine Substitution Analogues 

Compounds having different groups at the positions of the 
methoxy groups of KYO2111, which corresponded to R and 
R of Formula I, were synthesized and examined for the 
effect of promoting cardiac muscle cell differentiation (FIG. 
18). As a result, the effect of promoting cardiac muscle cell 
differentiation was decreased when the compounds had no 
dimethoxy structure except for SO2077 having a propoxy 
group at the position R instead of a methoxy group. SO2.077 
showed the effect comparable to SO2031 (KYO2-I) having 
the dimethoxy structure. 
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Example 8 

Effect of Promoting Cardiac Muscle Cell 
Differentiation of the Iodine Substitution Analogue 

SO2031 (KYO2-I) in Human ES/iPS Cells 

The effect of promoting cardiac muscle cell differentiation 
of SO2031 (KYO2-I) was confirmed using human ES cells 
(KhES-3) and iPS cells (IMR90-1) (FIG. 19). Induction of 
cardiac muscle cell differentiation was performed as 
described previously (Cell Reports, Volume 2, Issue 5, 
1448-1460, 25 Oct. 2012). Specifically, IMDM (Sigma) 
containing 1% MEM non-essential amino acid solution 
(Sigma), 1% penicillin-streptomycin (Gibco), 2 mM L-glu 
tamine (Sigma), 0.5 mM L-carnitine (Sigma), 0.001% 
2-mercaptoethanol (Gibco), and 0.4% human serum albu 
min (Sigma) was used for culture. Cardiac muscle cell 
differentiation was induced in Ultra-low attachment culture 
dish (Corning) by floating culture. During the first two days, 
3 uM CHIR99021, a WNT activator, was added, and during 
days 3-8 of culture, 2 uM SO2031 (KYO2-I) was added. 
Efficiency of cardiac muscle cell differentiation was deter 
mined by calculating the percentage of cardiac muscle cells 
by flow cytometry using an antibody for cardiac troponin T 
(cTnT), a cardiac-specific marker molecule. As a result, 
SO2031 (KYO2-I) increased the ratio of cardiac muscle cells 
from 3.7% to 56.8% in human iPS cells (IMR90-1), and 
from 17.9% to 77.9% in human ES cells (KhES-3). Those 
results demonstrate that the iodine Substitution analogue 
SO2031 (KYO2-I) efficiently promotes cardiac muscle cell 
differentiation at a lower dose without the stimulation by 
cytokines and growth factors not only in monkey ES cells 
but also in human ES/iPS cells. 

Example 9 

Solubility of the Iodine Substitution Analogue 
SO2031 (KYO2-I) in Medium 

SO2031 (KYO2-I) was dissolved in 20% serum-contain 
ing medium (200 ml IMDM (Sigma) containing 50 ml 
bovine fetal serum (GIBCO), 2.5 ml MEM non-essential 
amino acid solution (Sigma), 2.5 ml penicillin-streptomycin 
(GIBCO), 2.5 ml 200 mM L-glutamine, 2 Jul 2-mercap 
toethanol) at 20 uM, and in serum-free medium (200 ml 
IMDM (Sigma) containing 2.5 ml MEM non-essential 
amino acid solution (Sigma), 2.5 ml penicillin-streptomycin 
(GIBCO), 2.5 ml 200 mM L-glutamine, 2 Jul 2-mercap 
toethanol) at 3 or 20 uM and observed after 24 hours (FIG. 
20). Large crystals were not observed in any of the media. 
Also, in the serum-free medium, almost no crystal was 
observed at 3 uM, at which concentration a sufficient pro 
motion of cardiac muscle cell differentiation was obtained. 
As the compound is not crystallized, the concentration of the 
compound in the medium is stably maintained. Also, there is 
no possibility that the crystals affect the cells, and there is no 
risk that the crystals remained in the cells are transferred to 
and affect the host at transplantation. 

Example 10 

Cytokines (bFGF, BMP4, VEGF, DKK1, Activin A) 
known as a cardiac muscle cell differentiation promoter, 
granulocyte-colony stimulating factor (G-CSF), and nitrovin 
which was found effective in promoting cardiac muscle cell 
differentiation by the present inventors were compared with 
the compounds of the present invention in terms of the effect 
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of promoting cardiac muscle cell differentiation based on the 
increase of GFP expression level. In the same manner as in 
the above (2), monkey ES cells were seeded on a 6-well 
plate, N11474, KY02111, KYO1042 (final concentration 10 
uM each) and G-CSF (final concentration 5 ng/ml) were 5 
added during day 4 to 10 of culture, nitrovin (final concen 
tration 5 uM) was added during day 8 to 14 of culture, and 
cytokines (bFGF, BMP4, VEGF, DKK1, Activin A) (at 
respective final concentrations 5 ng/ml, 10 ng/ml, 10 ng/ml. 
150 ng/ml and 3 ng/ml) were added during day 1 to 14 of 10 
culture, and the GFP expression was observed at day 14 of 
culture. As a result, N11474, KYO2111 and KYO1042 
showed far higher increases (N11474=1000%, 
KY02111=7400% and KYO1042=7000%) in the GFP 
expression level than cytokines (about 300%), G-CSF 15 
(about 250%) and nitrovin (about 400%) (FIG. 4). 

Example 11 

Nitrovin and N11474 were examined for the synergistic 20 
effect in the effect of promoting cardiac muscle cell differ 
entiation. N11474 (10 uM) was added during day 4 to 10 of 
culture and nitrovin (3 uM) was added during day 8 to 14 of 
culture, and the GFP expression was observed at day 14 of 
culture. As a result, the increase in the GFP expression level 25 
was about 3 to 4 times when nitrovin or N11474 was singly 
administered, whereas the level increased about 9 times 
when nitrovin and N11474 were used in combination (FIG. 
5-1, left graph). Also, the proportion of the number of GFP 
colonies increased by an about 30 to 40% when nitrovin or 30 
N11474 was singly administered, whereas the proportion 
increased by about 80% when nitrovin and N11474 were 
used in combination (FIG. 5-1, right graph). 

Similarly, nitrovin and KYO2 111 were examined for the 
synergistic effect in the effect of promoting cardiac muscle 35 
cell differentiation. KYO2111 (5uM) was added during day 
4 to 8 of culture, nitrovin (1 uM) was added during day 8 to 
12 of culture, and the GFP expression was observed at day 
14 of culture. As a result, the increases in the GFP expression 
level were respectively about 3 times and about 30 times as 40 
much more than Control (DMSO) when nitrovin or 
KYO2 111 was singly administered, whereas the level 
increased about 50 times when nitrovin and KYO2111 were 
used in combination (FIG. 5-2, left graph). Also, the ratios 
of number of GFP colonies increased respectively by about 45 
22% and 73% when nitrovin or KYO2 111 was singly admin 
istered, whereas all the colonies were substantially (100%) 
GFP fluorescence positive when nitrovin and KYO2111 were 
used in combination (FIG. 5-2, bottom right graph). Further, 
the proportions of beating colonies were about 16% and 50 
30% respectively when nitrovin or KYO2 111 was singly 
administered, whereas the proportion was 58% when 
nitrovin and KYO2 111 were used in combination (FIG. 5-2. 
bottom right graph). 

55 

Example 12 

The effect of promoting differentiation of each of the 
ES/iPS cells into cardiac muscle cells were confirmed for 
N11474 and KYO2111 with the GFP expression level and 60 
number of beating colonies used as the indicators. Human 
ES cell line (Kh-1 line) (Suemori, H., et al., Efficient 
establishment of human embryonic stem cell lines and 
long-term maintenance with stable karyotype by enzymatic 
bulk passage. Biochem Biophy's Res Commun. 345(3), 65 
926-32 (2006)) (incorporated herein by reference) was 
seeded in a 6-well plate (Asahi Glass/5816-006: EZview 

22 
culture plate) in 1.2x106 cells/well and cultured for 22 days, 
with BMP4 (10 ng/ml) added during day 0 to 4 of culture 
and N11474 (10 uM) or KY02111 (5uM) added during day 
4 to 14 of culture. Human iPS cell lines (253G1, IMR90-1, 
IMR90-4 and RCHIPC0003) (Takahashi, K., et al., Induc 
tion of pluripotent stem cells from adult human fibroblasts 
by defined factors. Cell. 131(5), 861-72 (2007); Yu, J., et al., 
Induced pluripotent stem cell lines derived from human 
somatic cells. Science. 318(5858), 1917-20 (2007)) (these 
references are herein incorporated by reference) were cul 
tured for the cardiac muscle cell differentiation in the same 
manner as for the human ES cells. The cardiac muscle cells 
from mouse ES cells (R1) were differentiated in accordance 
with the method described in the reference (Transient inhi 
bition of BMP signaling by Noggin induces cardiomyocyte 
differentiation of mouse embryonic stem cells. Yuasa S, et al. 
Nat. Biotechnol. 2005 May; 23(5): 607-11; incorporated 
herein by reference). KYO2 111 (5uM) was added for 3 days 
during day 6 to 9 of cardiac muscle cell differentiation 
culture and the beating colonies of cardiac muscle cells were 
analyzed at day 9. Monkey ES cells (CMK6.4) were cul 
tured for cardiac muscle cell differentiation in the same 
manner as in the above (2). 
As a result, at day 14 and after of culture, a significant 

increase in the GFP expression level was observed (FIG. 6). 
Also, the number of beating colonies increased significantly 
with the maximum of about 60 times in monkey ES cells 
(CMK6.4), mouse ES cells (R1), human ES cells (Kh-1) and 
human iPS cells (253G1, IMR90-1, IMR90-4 and 
RCHIPC0003) by the administration of N11474 and 
KY02111 (Table 1). As described above, it was confirmed 
that these compounds were highly effective in promoting 
cardiac muscle cell differentiation for human ES cells and 
iPS cells and mouse ES cells. 

TABLE 1. 

Effect of the compounds for promoting cardiac muscle cell differentiation 
(N11474, KY02111) on each ES/iPS cell line (Increase rate in the 
number of beating colonies as compared to the control (DMSO 

Beating cardiac muscle cell 
differentiation efficiency 

ESIPS cell line (line name) (Control (DMSO) = 100%) 

Monkey ES (CMK6.4) 1850% (KYO2111) 
Human ES (Kh-1) 1100% (N11474) 
Mouse ES (R1) 200% (KYO2111) 
Human iPS (253G 1) 1500% (KYO2111) 
Human iPS (IMR90-1) 6100% (KYO2111) 
Human iPS (IMR90-4) 4000% (N11474) 
Human iPS (RCHIPCO003) 100% (KYO2111) 

Example 13 

To examine the action mechanism of compounds of the 
present invention, human iPS cells were seeded in the 
differentiation medium for cardiac muscle cells described in 
the above (1), DMSO or KY02111 (10M) was added at day 
3 of culture and the gene expressions 12 hours and 24 hours 
after the addition were analyzed by the DNA array. As a 
result, it was revealed that expressions of the following 
genes were reduced by the addition of KYO21 11: (in the 
order of the genes whose expression were reduced most 12 
hours later) HOXA1, MSGN1, NKD1, T, TNFRSF11B, 
DKK1, DKK4, CDX2, MSX1, NODAL FGF4, PAPPA, 
PRRX1, LRAT, CYP1B1, SLC34A2, AXIN2, LGL1, SPS, 
MIXL1. APCDD1 and DSEL. The promoter analysis using 
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the TCF/LEF transcription factor recognition sequence was 
performed and it was revealed that these genes contained 
many genes which function at the downstream of the Wnt 
signaling pathway. A part (MSGN1, HOXA1, T. Dkk1 and 
FGF4) of these genes was confirmed for the expression by 
the quantitative polymerase chain reaction (qPCR) and all of 
these genes had the same results as the DNA array analysis 
(FIG. 8). 

Next, the effects of KYO2111, XAV939 and IWP-2, 
known Wnt signaling inhibitors, and BIO, a Wnt signaling 
activator, on the group of genes which were found to have 
reduced expression by the addition of KYO2 111 were ana 
lyzed by the quantitative polymerase chain reaction. The 
analyzed genes were as follows: MSGN1, HOXA1: T. 
MIXL1; Dkk1, AXIN2: NODAL and FGF4 (all known as 
Wnt signaling target genes). As a result, the expressions of 
these genes were also reduced by any of the compounds 
KY02111, XAV939 and IWP-2, whereas increased by BIO, 
the Wnt signaling activator (FIG. 9). 

The above results suggest that the group of genes found 
to have reduced expression by the addition of KYO2 111 in 
the DNA array is the genes located at the downstream of the 
Writ signaling pathway and that KYO2111 is a Wnt signaling 
inhibitor. 

Example 14 

In the same manner as Example 2, the effects of promot 
ing cardiac muscle cell differentiation were compared 
among KYO2 111 and N11474, known Wnt signaling inhibi 
tors (IWP2, XAV939 and IWR1), proteins known to be 
effective in promoting cardiac muscle cell differentiation 
(G-CSF, IGFBP4, Dkk1 and cytokines (a mixture of bFGF, 
BMP4, VEGF, DKK1 and Activin A)). Monkey ES cells 
were seeded on a 6-well plate, KYO2 111 and N11474 (final 
concentration 10 uM each), IWP2 (final concentration 10 
uM), XAV939 (final concentration 10 uM), IWR1 (final 
concentration 10 uM), G-CSF (fmal concentration 5 ng/ml), 
IGFBP4 (final concentration 1 ug/ml) and Dkk1 (final 
concentration 150 ng/ml) were added during day 4 to 10 of 
culture and cytokines (a mixture of bFGF, BMP4, VEGF, 
DKK1 and Activin A) (at respective final concentrations 5 
ng/ml, 10 ng/ml, 10 ng/ml, 150 ng/ml and 3 ng/ml) were 
added during day 1 to 14 of culture and the GFP expressions 
were observed at day 14 of culture. As a result, the known 
Wnt signaling inhibitors also showed the effect of promoting 
cardiac muscle cell differentiation but KYO2111 had the 
strongest effect of promoting cardiac muscle cell differen 
tiation (FIG. 10). 

Example 15 

The effect of BIO, a Wnt signaling activator, on the effect 
of promoting cardiac muscle cell differentiation of 
KY02111, XAV939 and IWP2 was analyzed. In the same 
manner as in the above (8), BIO (final concentration 5 uM) 
was added to the monkey ES cells together with KYO2111, 
XAV939 or IWP2 during day 4 to 10 of culture, and the GFP 
expression was observed at day 14 of culture. As a result, 
BIO inhibited the effect of cardiac muscle cell differentiation 
by XAV939 and IWP2 but did not inhibit the effect by 
KY02111 (FIG. 11). The same results were found when the 
number of beating colonies was analyzed using human iPS 
cells (IMR90-1) as described in the above (5) (FIG. 11). 
These results suggest that KYO2 111 has the different action 
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24 
mechanism of the cardiac muscle cell differentiation effect 
from the known Wnt signaling inhibitors. 

Example 16 

The synergistic effects between KYO2 111 and a known 
Wnt signaling inhibitor XAV939 or IWP2 in the promotion 
of cardiac muscle cell differentiation were analyzed. In the 
same manner as in the above (8), KYO2111. XAV939 and 
IWP2 were added to monkey ES cells during day 4 to 10 of 
culture, and the GFP expression was observed at day 14 of 
culture. As a result, the synergistic effect was observed 
between KY02111 and XAV939 (FIG. 12). Also, the number 
of beating colonies was analyzed using human iPS cells 
(IMR90-1) as described in the above (8), and the synergistic 
effects were observed between KYO2 111 and XAV939 and 
KY02111 and IWP2 (FIG. 12-2). The above results suggest 
that KYO2111 has a different action mechanism from the 
known Wnt signaling inhibitors and an even stronger effect 
of promoting cardiac muscle cell differentiation is achieved 
when both are used in combination. 

Example 17 

Synthesis of KYO1041 

3,4-Dimethoxybenzoylyl chloride (100 mg, 0.55 mmol) 
and triethylamine (83.0 ul, 6 mmol) were dissolved in 
methylene chloride (500 ul), 2-amino-6-chlorobenzothiaz 
ole (105 mg. 0.57 mmol) was added thereto, and the mixture 
was stirred for 1 hour at room temperature. After completion 
of the reaction, the reaction solution was diluted in meth 
ylene chloride and washed with a saturated Saline solution. 
The solution was dried over magnesium sulfate and the 
solvent was evaporated. Ethanol was added to the residue, 
which was heated to 70° C., dissolved and recrystallized by 
cooling the temperature to room temperature, thereby 
obtaining 130 mg of 2-(3,4-dimethoxybenzamide)-6-chlo 
robenzothiazole in a yield of 68%. 
1H NMR (CDC13): 810.15 (s, 1H), 7.83 (d. J=1.8 Hz, 

1H), 7.63-7.45 (m, 3H), 7.36 (dd, J=1.8, 8.7 Hz, 1H), 6.91 
(d. J=8.2 Hz, 1H), 3.96 (s, 3H), 3.94 (s, 3H). MS (ESI) 
Found: 349 M+H+. 

Synthesis of KY02111 

Using 3-(3,4-dimethoxyphenyl)propanoyl chloride (100 
mg, 0.42 mmol) and 2-amino-6-chlorobenzothiazole (78 
mg, 0.42 mmol) as Substrates, the reaction was performed in 
the same manner as above, thereby obtaining 113 mg of 
2-(3-(3,4-dimethoxyphenyl)propanamide)-6-chlorobenzo 
thiazole in a yield of 72%. 
1H NMR (CDC13): 89.41 (s, 1H), 7.79 (d. J–2.9 Hz, 1H), 

7.62 (d. J=11.7 Hz, 1H), 7.37 (dd, J=2.6, 11.4 Hz, 1H), 
6.80-6.67 (m, 3H), 3.85 (s.3H), 3.82 (s, 3H), 3.03 (t, J=9.9 
Hz, 2H), 2.77 (t, J=9.9 Hz, 2H). MS (ESI) Found: 399 
M+H+. 

Synthesis of KY02114 

Using 4-(3,4-dimethoxyphenyl)butanoyl chloride (100 
mg, 0.41 mmol) and 2-amino-6-chlorobenzothiazole (76 
mg, 0.41 mmol) as Substrates, the reaction was performed in 
the same manner as above, thereby obtaining 121 mg of 
2-(4-(3,4-dimethoxyphenyl)butanamide)-6-chlorobenzothi 
azole in a yield of 75%. 
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1H NMR (DMSO-d6): 812.44 (s, 1H), 8.11 (d. J–2.2 Hz, 
1H), 7.71 (d. J=8.8 Hz, 1H), 7.44 (dd, J–2.2, 8.8 Hz, 1H), 
6.90-6.82 (m, 2H), 6.72 (dd, J=1.8, 7.0 Hz), 3.94 (q, J–7.0 
Hz, 2H), 3.72 (s.3H), 2.91-2.85 (m, 2H), 2.82-2.75 (m, 2H), 
1.28 (t, J–7.0 Hz, 3H) 

Synthesis of SO094 

Sodium hydride (60%) (106 mg, 2.65 mmol) was added 
while stirring under ice cooling to an N,N'-dimethylforma 
mide (7 ml) solution containing 2-amino-6-hydroxybenzo 
thiazole (400 mg, 2.41 mmol) under an argon atmosphere 
and stirred for 30 minutes, and then 4-bromoethylbutyrate 
(521 ul, 3.62 mmol) was added thereto and stirred overnight 
at room temperature. After completion of the reaction, the 
reaction solution was diluted with ethyl acetate and washed 
with a saturated ammonium chloride aqueous Solution and a 
saturated Sodium chloride aqueous solution. The Solution 
was dried over sodium Sulfate and the Solvent was evapo 
rated, thereby obtaining 372 mg of ethyl 4-((2-aminoben 
Zothiazol-6-yl) (oxy)butanoate in a yield of 55%. 
An N,N'-dimethylformamide (5 ml) solution containing 

ethyl 4-((2-aminobenzothiazol-6-yl)oxy)butanoate (372 mg, 
1.33 mmol), 3-(3,4-dimethoxyphenyl)propionic acid (335 
mg, 1.59 mmol), O-(6-chlorobenzotriazol-1-yl)-N.N.N',N'- 
tetramethyluronium hexafluorophosphate (659 mg, 1.59 
mmol) and N,N'-diisopropylethylamine (278 ul, 1.59 mmol) 
was stirred overnight at room temperature. After completion 
of the reaction, the reaction solution was diluted with ethyl 
acetate and washed with a saturated Sodium hydrogen car 
bonate aqueous solution, distilled water and a saturated 
sodium chloride aqueous solution. The solution was dried 
over sodium sulfate and the solvent was evaporated. The 
residue was refluxed in ethanol and recrystallized, thereby 
obtaining 447 mg of ethyl 4-((2-(3-(3,4-dimethoxyphenyl) 
propanamide)benzothiazol-6-yl)oxy)butanoate in a yield of 
76%. 

5 N NaOH Aqueous solution (378 ul) was added to a 
1,4-dioxane solution containing ethyl 4-((2-(3-(3,4-dime 
thoxyphenyl)propanamide)benzothiazol-6-yl)oxy)butanoate 
(447 mg, 0.946 mmol) and stirred overnight at room tem 
perature. After completion of the reaction, the reaction 
solution was condensed and neutralized with 6 N hydro 
chloric acid under ice cooling. The deposit was collected by 
vacuum filtration and washed with water, thereby obtaining 
271 mg of 4-((2-(3-(3,4-dimethoxyphenyl)propanamide) 
benzothiazol-6-yl)oxy)butanoic acid in a yield of 64%. 

1-Hydroxybenzotriazole (38 mg, 0.248 mmol) and 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro 
chloride (52 mg, 0.270 mmol) were added to an N,N'- 
dimethylformamide (1 ml) solution containing 4-((2-(3-(3. 
4-dimethoxyphenyl)propanamide)benzothiazol-6-yl)oxy) 
butanoic acid (100 mg, 0.225 mmol) and morpholine (22 ul, 
0.248 mmol) and stirred for 2 days at room temperature. 
After completion of the reaction, the reaction solution was 
diluted with ethyl acetate and washed with a saturated 
Sodium hydrogen carbonate aqueous Solution, distilled water 
and a saturated Sodium chloride aqueous solution. The 
solution was dried over sodium sulfate and the solvent was 
evaporated. The residue was refluxed in ethanol and recrys 
tallized, thereby obtaining 50 mg of 3-(3,4-dimethoxyphe 
nyl)-N-(6-(4-morpholino-4-oxobutoxy)benzothiazol-2-yl) 
propanamide in a yield of 43%. 

1H NMR (DMSO-d6): 812.20 (s, 1H), 7.60 (d. J=8.8 Hz, 
1H), 7.55 (d. J=2.6 Hz, 1H), 7.01 (dd, J–2.6, 8.8 Hz, 1H), 
6.86-6.83 (m, 2H), 6.75 (dd, J=1.8, 8.1 Hz), 4.03 (t, J=6.2 
Hz, 2H), 3.71 (s, 3H), 3.70 (s, 3H), 3.56-3.53 (m, 4H), 
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3.46-3.42 (m, 4H), 2.87 (t, J=7.0 Hz), 2H), 2.75 (t, J=7.0 Hz, 
2H), 2.51-2.46 (m, 2H), 1.96 (t, J–7.0 Hz, 2H) 

Synthesis of SO096 

Using 4-((2-(3-(3,4-dimethoxyphenyl)propanamide)ben 
Zothiazol-6-yl)oxy)butanoic acid (80 mg, 0.180 mmol) and 
1-methylpiperazine (21.8 ul, 0.198 mmol) as substrates, the 
reaction was performed in the same manner as SO094, 
thereby obtaining 39 mg of 3-(3,4-dimethoxyphenyl)-N-(6- 
(4-(4-methylpiperazin-1-yl)-4-oxobutoxy)benzothiazol-2- 
yl)propanamide in a yield of 41%. 
1H NMR (DMSO-d6): 812.20 (brs, 1H), 7.54 (d. J=8.8 

HZ, 1H), 7.48 (d. J–2.6 Hz, 1H), 6.96 (dd, J–2.6, 8.8 Hz, 
1H), 6.86-6.82 (m, 2H), 6.73 (dd, J=1.8, 8.1 Hz, 1H), 4.01 
(t, J=6.2 Hz, 2H), 3.71 (s, 3H), 3.69 (s.3H), 3.45-3.41 (m, 
4H), 2.86 (t, J=7.7 Hz, 2H), 2.70 (t, J=7.7 Hz, 2H), 2.50-2.45 
(m. 2H), 2.29-2.20 (m, 4H), 2.15 (s.3H), 1.94 (t, J=7.0 Hz, 
2H) 

Synthesis of SO3031 (KYO1-D) 

N 

X-NH. -- 
I HO S O 

N 
H 

O o1 
N 

y- O N 
I S 

O o1 

N,N-dimethylformamide solution (3 ml) containing 
2-amino-6-iodobenzothiazole (200 mg, 0.723 mmol) and 
3,4-dimethoxyphenylacetic acid (157 mg, 0.795 mmol) was 
added with N,N-diisopropylethylamine (139 ul, 0.803 
mmol) and O-(6-chlorobenzotriazol-1-yl)-N.N.N',N'-te 
tramethyluronium hexafluorophosphate (360 mg. 0.870 
mmol) and stirred over night at room temperature. After 
completion of the reaction, the solution was diluted with 
ethyl acetate and washed with saturated sodium bicarbonate 
Solution and Saturated Sodium chloride solution. The solu 
tion was dried over anhydrous sodium sulfate and the 
solvent was removed under reduced pressure. The residue 
was recrystallized with ethanol and 167 mg of 2-(2-(3,4- 
dimethoxyphenyl)acetamide)-6-iodobenzothiazole WaS 
obtained in a yield of 50%. 
H NMR (DMSO-d): 812.61 (s, 1H), 8.37 (s, 1H), 

7.73-7.69 (m, 1H), 7.54 (d. J=8.0 Hz, 1H), 6.97-6.84 (m, 
3H), 3.75-3.72 (m, 8H). MS (ESI) Found; 455 M+H". 

Synthesis of SO2031 (KYO2-I) 

H 
NH2 N NH2 

S 
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Dichloromethane solution (3 ml) of 4-iodoaniline (1.00 g, 
4.57 mmol) was added with thiocarbonyldiimidazole (976 
mg, 5.47 mmol) and stirred for 1.5 hours at room tempera 
ture. After addition of 25% ammonia solution (3 ml), the 
Solution was stirred over night at room temperature. After 
completion of reaction, the solvent was removed under 
reduced pressure, and the resulting deposits were filtered to 
obtain 889 mg of 1-(4-iodophenyl)thiourea at a yield of 59% 

H 
N NH2 

Orr I 

X- NH2 
I S 

Chloroform suspension (7 ml) of 1-(4-iodophenyl)thio 
urea (889 mg, 3.19 mmol) was added with bromine (328 ul, 
6.40 mmol), and heated to reflux and stirred for 6 hours. 
After the reaction was completed and the solvent was 
removed, the residue was added with dichloromethane and 
washed with saturated sodium bicarbonate solution and 
saturated sodium chloride solution. After the solution was 
dried with over anhydrous sodium sulfate and the solvent 
was removed under reduced pressure, the resulting deposits 
were filtered to obtain 650 mg 2-amino-6-iodobenzothiazole 
in a yield of 73%. 

N 

X-NH. -- 
I S 

On 
HO o1 

O 

On 
N 

H y- o1 
I S 

N,N-dimethylformamide solution (2 ml) containing 
2-amino-6-iodobenzothiazole (100 mg, 0.362 mmol) and 
3-(3,4-dimethoxyphenyl)propionic acid (91.4 mg. 0.435 
mmol) was added with N,N-diisopropylethylamine (69.4 ul, 
0.398 mmol) and 0-(6-chlorobenzotriazol-1-yl)-N,N,N',N'- 
tetramethyluronium hexafluorophosphate (180 mg, 0.435 
mmol) and stirred over night at room temperature. After 
completion of the reaction, the solution was diluted with 
ethyl acetate and washed with saturated sodium bicarbonate 
Solution and Saturated Sodium chloride solution. The solu 
tion was dried over anhydrous sodium sulfate and the 
solvent was removed under reduced pressure. The residue 
was recrystallized with ethanol and 83 mg of 2-(3-(3,4- 
dimethoxyphenyl)propanamid)-6-iodobenzothiazole in a 
yield of 48%. 
H NMR (DMSO-d): 812.42 (s, 1H), 8.37 (s, 1H), 

7.72-7.69 (m, 1H), 7.52 (d. J=8.4 Hz, 1H), 6.85-6.83 (m, 
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2H), 6.75-6.72 (m, 1H), 3.71 (s.3H), 3.69 (s.3H), 2.90-2.76 
(m, 4H). MS (ESI) Found; 469 M+H". 

Synthesis of SO3042 (KYO3-I) 

N 

Y-NH. -- 
I S 

HO ON 

O o1 
N 
N H 

N OS 
I S 

O o1 

N,N-dimethylformamide solution (3 ml) containing 
2-amino-6-iodobenzothiazole (250 mg. 0.905 mmol) and 
4-(3,4-dimethoxyphenyl)butanoic acid (224 mg. 0.995 
mmol) was added with N.N-diisopropylethylamine (174 ul, 
0.995 mmol) and 0-(6-chlorobenzotriazol-1-yl)-N,N,N',N'- 
tetramethyluronium hexafluorophosphate (450 mg, 1.09 
mmol) and stirred over night at room temperature. After 
completion of the reaction, the solution was diluted with 
ethyl acetate and washed with saturated sodium bicarbonate 
Solution and Saturated Sodium chloride solution. The solu 
tion was dried over anhydrous sodium sulfate and the 
solvent was removed under reduced pressure. The residue 
was recrystallized with ethanol and 131 mg of 2-(4-(3,4- 
dimethoxyphenyl)butamide)-6-iodobenzothiazole WaS 
obtained in a yield of 30%. 

"H NMR (DMSO-d): 812.37 (s, 1H), 8.37 (s, 1H), 
7.72-7.69 (m, 1H), 7.52 (d. J=8.4 Hz, 1H), 6.86-6.79 (m, 
2H), 6.70 (d. J=8.0 Hz, 1H), 3.73 (s, 3H), 3.70 (s, 3H), 
2.58-2.48 (m, 4H), 1.96-1.86 (m, 2H). MS (ESI) Found; 483 
M+H". 

Synthesis of SO2.077 

OH 

-- 

HO o1 
O 

O n1N 

1- O1. 
O 

N,N-dimethylformamide solution (5 ml) containing 4-hy 
droxy-3-methoxypheny propionic acid (500 mg, 2.54 mmol) 
was added with potassium carbonate (88.1 mg, 6.37 mmol) 
and 1-bromopropane (692 ul, 7.65 mmol) and stirred over 
night at room temperature. After completion of the reaction, 
the solution was diluted with ethyl acetate and washed with 
water and saturated sodium chloride solution. The solution 
was dried over anhydrous sodium sulfate and the solvent 
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was removed under reduced pressure. The residue was 
purified by silica gel column chromatography (n-hexane/ 
ethyl acetate-4/1) and 590 mg of propyl 3-(3-methoxy-4- 
propoxyphenyl)propanoate was obtained in a yield of 82%. 

HO 

Propyl 3-(3-methoxy-4-propoxyphenyl)propanoate (590 
mg, 2.10 mmol) was dissolved in 1,4-dioxane and added 
with 5 mol/l sodium hydroxide aqueous solution (1.68 ml) 
and the resulting Solution was stirred over night at room 
temperature. After completion of the reaction, the solution 
was added with 6 mol/l hydrochloric acid and extracted with 
ethyl acetate. The organic layer was washed with Saturated 
Sodium chloride solution and dried over anhydrous sodium 
sulfate. The solvent was removed under reduced pressure 
and 438 mg of 3-(3-methoxy-4-propoxyphenyl)propionic 
acid was obtained in a yield of 87%. 

N 

X-NH, -- 
I S 

N-1a 
HO o1 

O 

N Nu-1a 

y H 
O S N o1 

I 
O 

N,N-dimethylformamide solution (3 ml) containing 
2-amino-6-iodobenzothiazole (200 mg, 0.723 mmol) and 
3-(3-methoxy-4-propoxyphenyl)propionic acid (200 mg. 
0.839 mmol) was added with N,N-diisopropylethylamine 
(140 ul, 0.803 mmol) and O-(6-chlorobenzotriazol-1-yl)-N. 
N,N',N'-tetramethyluronium hexafluorophosphate (360 mg. 
0.870 mmol) and stirred over night at room temperature. 
After completion of the reaction, the solution was diluted 
with ethyl acetate and washed with saturated sodium bicar 
bonate solution and saturated sodium chloride solution. The 
Solution was dried over anhydrous sodium sulfate and the 
solvent was removed under reduced pressure. The residue 
was recrystallized with ethanol and 217 mg of 2-(3-(3- 
methoxy-4-propoxyphenyl)propanamid)-6-iodobenzothiaz 
ole was obtained in a yield of 60%. 

"H NMR (DMSO-d): 812.42 (s, 1H), 8.38-8.37 (m, 1H), 
7.72-7.69 (m. 1H), 7.54-7.51 (m, 1H), 6.85-6.82 (m, 2H), 
6.72 (d. J=8.0 Hz, 1H), 3.86-3.82 (m, 2H), 3.72 (s, 3H), 
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2.87-2.78 (m, 4H), 1.72-1.65 (m, 2H), 094 (t, J=7.3 Hz, 3H). 
MS (ESI) Found: 497 M+H". 

All publications and patents mentioned in the above 
specification are herein incorporated by reference in their 
entireties. Various modifications and variations of the 
described nanomaterials and methods will be apparent to 
those skilled in the art without departing from the scope and 
spirit of the invention. Although the disclosure has been 
described in connection with specific preferred embodi 
ments, it should be understood that the invention as claimed 
should not be unduly limited to such specific embodiments. 
Indeed, those skilled in the art will recognize, or be able to 
ascertain using the teaching herein and no more than routine 
experimentation, many equivalents to the specific embodi 
ments of the invention described herein. Such equivalents 
are intended to be encompassed by the following claims. 

The invention claimed is: 

1. A compound or a salt thereof represented by formula, 

wherein 

N 
H y- R pi 

S 

O 
R3, 

R is I, 
R and R are each independently selected from a 

methoxy, an ethoxy, or a propoxy, and 
n is an integer of 1 to 4. 
2. The compound or salt thereof according to claim 1, 

wherein R is a methoxy. 
3. A compound or salt thereof represented by the follow 

ing formulae: 

17 

On 
y H 

N o1 
Br S 

O 

SOO87 

5 

N 
N H 

N ON 
C S 

O o1 
KYO2114 

18 

N N-1 

y o1 
C S 

O 

SO102 
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-continued 
21 

N 

)- N On 
I S 

O o1 
SO3031 (KYO1-1) 

22 

On 
y H 

N o1 
I S 

O 
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